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Abstract 
This paper provides an in-depth review and analysis on the science technology and innovation (STI) barriers in order 
to achieve bioenergy implementations in Thailand. Though, Thailand appears to have clear targets on alternative 
energy in the next 10 years according to the master plan formulated by Ministry of Energy but these ambitious-
bioenergy targets are based solely on the potential of resources existing and planned planting in the country. In order 
to transform biomass to end-used consumption, it is a need to define the STI platform for actions. However, there is 
no study on the STI policy for bioenergy implementations. Yet, there are several concepts of best-practices in 
difference prospects but there is no integration of science technology and innovation policy as a whole. This paper 
utilized the qualitative method, the research data sources, and the industrial interviews in person. This paper contends 
the STI roles currently accorded to biomass to energy supply chain in Thailand and an early attempt at developing 
policy recommendations. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committee of 2015 AEDCEE. 
 
Keywords: STI policy; biomass; energy; research; implementation 
1. Introduction 
 
Thailand located in the tropical region with warm-humid climate. This geography, therefore, suited for 
agricultural sector and other land-use activities. With scarcity of domestic energy, the country has been 
faced with high import dependency for energy satisfaction. The Ministry of Energy (MoE), then, 
announced the Alternative Energy Development Plan (AEDP) for the years 2012 to 2021 in order to set 
the renewable targets for assuring increasing-energy demand.  
There are biomass as a major share of renewable energy targets set in the AEDP. Biomass, which consists 
of biomass for heat and power, biogas for heat and power, and biofuels in transportation, are shared about 
80% of the plan. This is undoubted according to the prosperity of bio-based resource for producing 
energy in Thailand. Responses by the government, several policies and mechanisms are formulated to 
support the investment and consumption of bioenergy – such adder, feed-in-tariff and other supports.  
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While the adder set by the government lead to the intended result as choice for investors. The adder of 
solar ranged between 4.50 – 9.75 Baht/kWh and the decline of local price solar cells leading to the rapid 
boom of renewable installed in the electricity system in 2009 [3]. While, PV is seemed to be the future 
trend of renewable in Thailand, biomass still exists urbanely. These are, namely, corn cob, rice straw, 
coconut fiber, sugarcane leaves, emptied palm brunches, biogas from wastewater and municipal waste. 
However, the implementation of biomass is scattered and there is no trust of investors to invest on it. This 
is not only from the financial supporting – such adder or feed-in-tariff but also the technology barriers and 
related issues of biomass to energy. 
 
Table 1.Adder and Feed-in-Tariff for renewables in Thailand in brief [2] 
Energy Type Adder (Baht/kWh) 
VSPP 
Extra adder* 
(Baht/kWh) 
Supporting 
period 
(Year) 
Biomass 0.30 - 0.50 1.00 7 
Biogas (all categorise of production sources) 0.30 – 0.50 1.00 7 
  Waste (community waste, not hazardous industrial 
waste, and inorganic waste) 
2.50 - 3.50 1.00 7 
Wind power 3.50 - 4.50 1.50 10 
Mini and micro hydropower 0.80 - 1.50 1.00 7 
Solar power 6.50 1.50 10 
Biogas production form Napier grass (1MW) Feed-in-Tarff 4.50  20 
Solar PV Rooftop     6.16 / 6.55 /6.96  25 
Solar Community 4.50 / 6.50 / 9.75    25 
*Special adders for 3 southern provinces and diesel generation replacement on PEA system 
 
This paper reviews and analyses the science technology and innovation (STI) challenges in order to 
achieve biomass implementations in Thailand. 
2.  Methodology 
The qualitative method is usedfor research in this paper. The unstructured interviewing and case 
studies are decidedly utilized in this study due to the dissemination of information. The series of reports 
and related works are examined with precise consideration on science, technology and innovation policies 
and their challenges. The technology and economic data are collected based on the papers done by the 
experts. The data include 3 perspectives, namely, energy, technology and economy.  
Energy data: The energy data for determining biomass STI policy are based on the renewable master 
plan provided by the MoE as detailed in the introduction. More so, the energy policies and related 
mechanisms used for supporting renewable energy. The MoE produce important data for the share of 
energy consumption per annum, the share of renewable energy per year and other information related to 
energy. 
Technology data: The basis for the technology data is from several studies and reports collected from 
diverse sources both academic and governance data. The technology status analysis has been made and 
conclude in Thailand Bioenergy Technology Status Report 2013 as part of the results in this paper.  
Economic data: The economic data based on the number in the white paper studied by the National 
Science Technology and Innovation Policy Office (STI) in year 2012 and updated in 2015. 
3. Technical status results  
3.1 Biomass supply chain 
According to supply chain of biomass to energy as shown below. Four sections are separated from this 
supply chain, namely, feedstock supply, biomass conversion, bioenergy distribution and energy endues – 
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such heat, electricity and fuels in transport. The technology status analysis in the conversion are solely 
focused in this study. The technology status in biomass conversion is analyzed in the STI platform. 
 
 
 
 
 
 
 
Fig.1. Biomass to energy supply chain [4] 
3.2 Biomass potential  
 
In the feedstock supply, the data in 2012 shown that Thailand potentiality represented at 16,812.88 
ktoe, in which 9,231.82 ktoe were form utilization as solid biofuel (agricultural residues), 6,560.82 ktoe 
from biogas production and 1,020.24 ktoe from biofuel production [4]. 
 
Table 2.Thailandbiomass potential 2012 [4] 
Type of Bioenergy Biomass feedstock production Energy potential (ktoe) 
Agricultural waste 24.25 Million tons /year 9,231.82 
Field based 17.23 6,570.54 
Process based 5.77 2,196.70 
Agro-based 1.15 464.57 
Biogas 11,749.02Million m3/year 6,560.82 
Animal manure 733.68 364.72 
Municipal solid waste 582.25 268.77 
Industrial wastewater 10,433.09 5,927.33 
Biofuels 1,525.70Million litres/year 1,020.24 
Bio-ethanol 642.40 323.52 
Bio-diesel 883.30 696.72 
Total  16,812.88 
The data, however, calculated by the estimation of total crops and divided by ratio of collection 
efficiency and wasted production during the transformation of food industry. The major energy crops in 
Thailand are cassava, sugarcane, and oil palm. Currently the demand for these crops for biomass energy is 
increasing. Therefore, Thailand aims to increase the productivity and quality with optimum efficiency of 
resource utilization. The productivity can improve via variety improvement and agricultural management.  
The potential shown the calculation of full potential if the collection and transformation technology is 
extremely applied for producing each type of biomass. There is a need to developed efficient technology 
to convert these biomass to energy as calculated.     
 
3.3 Technology status 
 
3.3.1 Thermochemical conversion technology 
Thermochemical conversion is one of processes that transform biomass into energy. The 
thermochemical conversion technologies include pretreatment, combustion, gasification, municipal solid 
waste, and pyrolysis. The status of each technology is varied according to the development of research 
and development in each section. 
 
Table 3. Status of pretreatment technology in Thailand [4] 
Feedstock  
supply 
Biomass 
conversion 
Biomass 
distribution 
End use 
Upstream Downstream 
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Technology R& D 
In operation 
Future 
Partially used Fully used 
Pretreatment  
Drying   ●   
Carbonization (traditional charcoal)   ●  
Torrefaction ●   ● 
Densification  ●   
 
Table 4. Status of thermochemical technology in Thailand [4] 
Technology R& D 
In operation 
Future 
Partially used Fully used 
Combustion  
Grate fired, Fluidized bed, Suspension fired     ●  
Co-firing  ●   
Steam Turbine 
Back pressure, Condensing    ●  
Extraction condensing  ●   
Gasification 
Fixed-bed, Fluidized bed   ●   
Plasma    ● 
Gas engine  ●   
Gas turbine, Steam turbine ●   ● 
Fischer tropsh    ● 
Pyrolysis 
Screw    ● 
Vacuum, Fluidized bed  ●    
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Table 5.Status of municipal solid waste technology in Thailand [4] 
Technology R& D 
In operation 
Future 
Partially used Fully used 
Thermal conversion  
Incineration    ●  
Gasification, Pyrolysis, Plasma arc  ●   ● 
3.3.2 Biogas technology 
Thailand has utilized biogas technologies for waste treatment and energy production since 1960s. 
There are four major types of biomass using to produce biogas, namely, industrial wastewater, farm 
wastes, bio crops, and municipal waste. Biogas technology is the success case of commercialized 
technology in Thailand. There are lots of local technology that can be commercialized successfully. 
However, there are still technologies need to be developed in further. 
 
Table 6. Status of biogas technology in Thailand [4] 
Technology R& D 
In operation 
Future 
Partially used Fully used 
Pretreatment 
Mechanical   ●  
Thermal, Acid/Alkaline  ●   
Enzyme ●   ● 
Conversion  
AFF/AF, UASB, EGSB, Hybrid (AFF+UASB), CSTR, 
Plug flow, ABR, ACL, MCL  
  ●  
IC  ●   
Cleaning  
Bioscrubber, Chemical, Water absorption    ●  
Air injection, Iron oxide  ●   
Membrane, Pressure swing ●   ● 
 
 
554   Srichattra Chaivongvilan /  Energy Procedia  79 ( 2015 )  549 – 555 
3.3.3 Liquid biofuel production technology 
The current commercialized liquid biofuels in Thailand are ethanol and biodiesel. Majority of ethanol 
production is produced by the fermentation of molasses, a by-product of sugar manufacture. While 
biodiesel is produced from the transesterification of palm oil.  
The status of liquid biofuel production technology from molasses in Thailand mostly in the 
commercialization stage and in operation. The future technology, such lignocellulose and algae are under 
development or only still at early stage. 
 
Table 7. Status of ethanol technology in Thailand [4] 
Technology R& D 
In operation 
Future 
Partially used Fully used 
Fermentation  
Ethanol batch, Ethanol cascade   ●  
Continuous fermentation with yeast recycling, 
Simultaneous scarification and co-fermentation  
●    
Co-fermentation of xylose and glucose ●   ● 
Distillation  
Direct steam, Multi-pressure, Molecular sleeve 
dehydration, Membrane evaporation   
  ●  
Isotropic ●    
 
Table 8. Status of biodiesel technology in Thailand [1] 
Technology R& D 
In operation 
Future 
Partially used Fully used 
Refining   ●  
Esterification (Batch, Continuous) ●   ● 
Transesterification 
CD   ●   
Batch   ●  
Supercritical, Microwave tech., Lipase catalysis ●   ● 
Purification   ●  
 
4. Policy results 
As shown earlier, the status of technology in Thailand is so far having gaps to produce and 
commercialize in Thailand. The science, technology and innovation (STI) system is adopted to apply the 
technical data and economic data. The knowledge integration covers the challenges and opportunities of 
biomass to energy in Thailand. The definitions of science, technology and innovation in terms of policies 
are listed as follow;  
Science: The definition of science in terms of policies in this paper is education, knowledge of science, 
research and development, and academic skills.  
Technology: The definition of technology in terms of policies in this paper is practical activities of 
science, such engineering, technician, standard and technology transfer. 
Innovation: The definition of innovation in terms of policies in this paper is marketing, business model 
of technology, innovative thinking, and creating idea. 
In order to represent the STI policies of bioenergy, it is necessary to apply the STI matrix to the 
bioenergy supply chain. What is important in this instance is that the overview of STI in each section of 
supply chain must be cleared with the evidences of technical data, economic data and research and 
development status. The evaluation of STI in bioenergy supply chain represented in this paper is shown in 
the overall of supply chain not in each technology section.     
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Table 9. STI challenges of bioenergy supply chain 
STI Feedstock Conversion End-use 
Science (S)  - Lack of continuous program of research and development on biomass to energy in the whole 
supply chain.  
- Lack of research and development to develop local technology.  
- Lack of knowledge and skill improving course for workforces employed in the industries.  
- Lack of basic infrastructure and laboratory for biomass to energy experiments. 
- Need more practical test and industrial experiments in academic area.  
Technology (T) - The standard for biomass to energy is needed to clarify in order to make the same 
specification of used and prices.  
- Domestic standard and export standard are needed to official identify for biomass to energy 
trading in long-term.  
- Engineering workforces are needed to improve skills for technology operation.  
- Lack of real technology transfer to local.  
Innovation (I)  - Prices vulnerability leads to risk of investments in biomass to energy business.  
- Lack of marketing and business model information.  
- Lack innovative process to encourage biomass to energy business.  
- Lack of supports to start new innovation or entrepreneur.  
 
5. Conclusions 
 
This paper presents the STI barriers in order to implement bioenergy in Thailand. Focusing on current 
status of bioenergy technology – as addressed in results – there is, therefore, a need to apply the STI 
system into the implementation plan of biomass energy. This not only to complete the energy target but 
also the pillar for the policy development, which cover all aspects, in a sustainable way. The ongoing 
works of policy recommendations and actions are in passage.  
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